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Radiologic and Isotopic Investigation of the Pancreas This paper deals mainly with the newer radiological methods available for investigating the pancreas, briefly describes those features suggestive of pancreatic pathology and attempts to assess the relative effectiveness of the various techniques in diagnosing pancreatic disease. Attention is concentrated on the two most important forms of pancreatic disorder: pancreatitis and cancer. It is hoped that the clinician will thereby obtain an indication of which investigation or combination of investigations will yield information and how reliable this information is likely to be.
There are many techniques available to the radiologist for obtaining an indirect impression of the pancreas including plain radiographs of the abdomen, tomography, pneumoperitoneum, intravenous pyelography, cholecystography, cholangiography, splenoportography and cavography. Each of these has something to add in the assessment of pancreatic morphology and pathology but they are not widely used for this purpose and will not be considered further. Similarly this is not the place to discuss operative pancreatography and cholangiography even though they frequently yield information of great value. The discussion will be confined to the following techniques: the conventional barium meal, hypotonic duodenography, arteriography, percutaneous cholangiography and isotopic scanning.
Conventional Barium Meal
In the presence of pancreatic disease the barium examination may show pressure deformities and displacement of the stomach and duodenum, widening of the duodenal loop, depression of the duodenojejunal flexure and duodenal defects due to pressure of a dilated common bile duct. It is most important that attention be paid to the retrogastric and retroduodenal space. Enlargement of the duodenal sweep is found in only 10% of patients and indicates only enlargement of the pancreatic head, not the cause. It may vary widely in normal subjects and is commonly large in mesomorphic persons.
Attention to mucosal changes on the inner aspect of the duodenum is frequently rewarding. Differential filling of the inner and outer aspects of the loop indicates pressure from the pancreas and the mucosa may be flattened. Wide cedematous folds suggest pancreatitis whereas a rigid spike-like configuration suggests neoplastic disease. The inverted 3 sign of Frostberg occurs only in 3 % of ampullary cancers and is not diagnostic. The lateral duodenal wall may show rigidity, compression and displacement (Beranbaum 1966) .
Assessments regarding the accuracy of the conventional barium study have varied from as low as 24% to as high as 83 % with the majority of authors finding around 50% of false negative diagnoses. The technique is unreliable for distinguishing cancer and inflammation (Eyler et al. 1962 , Eaton et al. 1968 ).
Hypotonic Duodenography
This method was developed in order to overcome the inherent movement of the duodenum and the variable mucosal patterns seen with conventional barium studies. Using a technique of doublecontrast gas distension ofthe paralysed duodenum it is possible to alter the feathery duodenal mucosal pattern to one of fixed regular transverse folds. The atonic duodenum wraps about the head of the pancreas providing excellent indirect evidence about this portion of the organ. Normally the walls of the atonic duodenum are smooth, with thin regularly spread folds. In pancreatitis there is straightening, rigidity and cedema of the walls and folds, while in cancer a fine, serrated appearance may be seen on the medial aspect. There may be stenosis and ulceration (Bilbao et al. 1967 , Kreel 1968 ).
This examination is simple, comfortable for the patient and inexpensive. It is an accurate technique for detecting disease in the head of the gland, being correct in over 80% of cases; it is not so accurate in distinguishing pathology, recognizing cancer as such in 75 % and pancreatitis in 64% of patients (Eaton et al. 1968 ).
Transhepatic Percutaneous Cholangiography
This investigation is of value in the icteric patient and helps in distinguishing between cancer of the pancreas, cancer of the bile ducts and cholelithiasis. Gall-stones show as half-moon-shaped filling defects in the ducts, whereas in pancreatic cancers the obstruction may be a sharp 'cut off', beak-shaped or tapered. The procedure may be combined with simultaneous barium studies but this generally yields little extra information.
Arteriography
Essentially there are two arteriographic techniques in current practice for assessing pancreatic morphology: selective angiography and subselective (or supraselective) angiography. In selective arteriography the contrast medium is injected into the coeliac and superior mesenteric arteries and it is becoming common practice to give simultaneous injections via two catheters.
Section ofMedicine
The claim that this technique does not fill completely the smaller intrapan-creatic vessels led to the introduction of the subselective method whereby the catheter is introduced into the gastroduodenal, dorsal pancreatic and inferior pancreaticoduodenal arteries. Typically in pancreatitis there is hypervascularity and arteriolar deformity. Pancreatic enlargement will be seen on the capillary phase. Pancreatic cancers will show pathological tumour vessels, neoplastic arterial stenosis, arterial displacement and venous compression and displacement.
Initially it was hoped that arteriography would prove an accurate method for diagnosing pancreatic disease. Unfortunately much of the recent literature has expressed reservations about its value. The technique is not simple, it is time consuming and the examination may fail in 10% of cases. Pancreatitis is most difficult to diagnose, convincing signs being present in only 20% of patients. Pancreatic cancers are equally difficult as they tend to be avascular and it is uncommon to see the most valuable sign of malignancya tumour blush and new vessels. The diagnosis is missed in about 20% of cases and false positive diagnoses occur in at least 10 %. Arteriography has been reported of value in endocrine tumours of the pancreas which may show a characteristic blush of relatively normal vessels, but it has been reported that this is found with conviction in only about 25 %. Probably the most reliable diagnosis is made in the case of pseudocysts when a characteristic pattern is seen of stretched, displaced vessels about an avascular centre. This technique is not reliable in distinguishing pathology and a negative result does not exclude disease. It is of most value in the diagnosis of cancers in the body and tail and for pancreatic pseudocysts (Nebesar & Pollard 1967 , Eaton et al. 1968 ).
Radioisotope Photoscanning
Scanning of the pancreas using 75Se-selenomethionine is not in general use but in the hands of some investigators it has proved to be a useful tool in the diagnosis of pancreatic disorders. The normal pancreas is readily distinguished from the liver and takes up the isotope uniformly although there is some thinning of the neck. This may be misleading at times. It is now appreciated that the body and tail may show some variation in position. In pancreatitis there may be either a generalized failure of uptake by the gland or the appearance of a filling defect. Unfortunately similar appearances are given by a pancreatic neoplasm and it is difficult to differentiate between cancers and inflammation on the scan appearances alone (Melmed et al. 1968 , Bouchier 1969 . Thus in a recent analysis of 45 cancers of the pancreas, 14 of 29 patients with cancer of the head of the gland showed diffuse reduction in isotope uptake.
On the other hand cancer of the body of the pancreas may be difficult to distinguish from the normal physiological 'thinning' of the gland . Overlap with the liver is a problem in about 10% of scans and in these subtraction techniques may be of help although Eaton et al. (1968) believe that, when satisfactory, unsubtracted scans are more desirable than the subtracted scan. Our experience has been solely with visual subtractions. It is necessary therefore always to perform a liver scan.
The technique is safe, the radiation dose is not great and there have been no reports of complications. A recent study by McCarthy & Brown (1969) indicated that the results with isotopic pancreatic scanning compare well with a test of pancreatic function. However, it remains a relatively expensive method and best value is obtained with careful attention to the scanning technique. In our experience false positive results are uncommon but this is probably because we have recognized a number of factors which we believe make reporting of the scan unreliable.
The scan is abnormal in 75-80% of patients with chronic pancreatitis. We have had only 5 % of false negative results in patients with cancer. This is better than most published series which rate missed diagnosis as high as 40%. All the tumours we scanned were greater than 2-5 cm and the majority were larger than 8 cm. The major difficulty remains the distinction between inflammation and cancer which can be achieved in only 60% of cases. Our results show clearly that a normal scan is significantly more reliable than an abnormal and this observation is in agreement with the published series.
Attempts have been made to improve the accuracy of scanning by the selective intraarterial injection of the isotope. This has not been successful, one of the major difficulties being the 'streaming' effect which has given rise to artifacts. We have found that combining isotope scanning and hypotonic duodenography has resulted in an improved accuracy of diagnosis in those scans which are uncertain .
It has been of interest to assess the influence of pancreatic scanning on the clinical course of pancreatic cancers. A review of 45 such cancers shows only one survivor. All the patients had large tumours despite the scan having been undertaken within three months and often within three weeks of the onset of symptoms. The majority of the patients died within three months of the scan . Similar analyses of the other techniques will be of value, but at present it remains an open question as to how much current radiological techniques have improved the prognosis in pancreatic cancers. Clearly advances are needed in the early diagnosis of pancreatic disease in general, and cancer in particular, and the solution may well not lie within the field of the radiologist.
Given that the present situation is unsatisfactory, what course should the clinician follow? It will be apparent that no one technique is ideal; however, some methods and combinations of of methods are better employed than others in particular situations. Our experience is in agreement with that of Eaton et al. (1968) who have proposed the following diagnostic combinations:
(1) For cancer of the head of pancreas, hypotonic duodenography and selective arteriography (and on the basis of our experience isotopic scanning).
(2) For cancer of the body and tail, isotopic scanning and selective arteriography.
(3) For pancreatitis, isotopic scanning and hypotonic duodenography. (4) For pancreatic pseudocyst, the conventional barium meal and selective arteriography.
A Review of Pancreatic Transplantation in Man, and Function of the Pancreaticoduodenal Graft
The present status of human pancreatic transplantation may be summarized as follows. Pancreatic duct ligation in animals emphasized the necessity to preserve free drainage of exocrine secretion for continued adequate insulin production by the beta cells (Dragstedt 1943 , 6 other patients at the University Hospitals, Minneapolis, have received a pancreaticoduodenal allograft. Ages ranged from 20 to 44 years and each patient presented with a long history of 'brittle', juvenile-type diabetes mellitus that had progressed to endstage renal failure necessitating kidney transplantation . In each case the pancreas was obtained from the same cadaveric donor with the duodenal loop attached to act as a conduit for exocrine secretion in the manner established experimentally by De Jode & Howard (1962) . The pancreaticoduodenal allograft was placed in the left iliac fossa of the recipient, vascular anastomosis being made to the external iliac vessels. In one patient insulin production from the grafted pancreas failed because of ischemia, and in another because of rejection. The remaining 5 patients, however, required no insulin therapy from the time of operation; glucose tolerance, fasting and tolbutamidestimulated plasma insulin levels were within normal limits. Two of these patients subsequently died of infection and one, six months later, of hyperkalhmia. The remaining 2 patients are at home alive and well with normal glucose tolerance and insulin response to tolbutamide stimulation, four and seven months after transplantation (Lillehei 1969, personal communication) .
In one patient exocrine function of the pancreatic allograft three months after transplantation was contrasted with endocrine, absorptive and electrical functions of the grafted duodenum (DiMagno et al. 1969 ). Pancreatic exocrine function was normal, whereas duodenal function was variably impaired. These findings subsequently correlated with the histological appearances of the grafted pancreas and duodenum at autopsy and would support the concept of differential rejection by a recipient of various tissues from the same donor.
It is too early yet to say whether correction of glucose metabolism by pancreatic transplantation will arrest or reverse the complications of diabetes mellitus in these patients.
